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Introduct’on

Studies using an oscillating virtual cathcde
(vircator) and a large-orbit gyrotron to generate mi-
crowave levels of several hundred megawatts are being

conducted at the Los Alamos National Laburatory (LANL).

A pulse level of ~1 MV, with length approaching 1 us
at a repetition rate of a few nertz, is antiripated
for extension of these studies from the present
single-shot mode with 100-ns pulse width, The in-
creased pulse width 1s needed to test longer pulse
Jength micrnwave sources. Pulse forming network
(PFN), transfcrmer-~coupled drivers have been studied
and are part of the subject of this paper. The large-
orbit gyrotron is discussed here, and the vircator is
the subject of Ref. 1.

Large-Orbit Gyrotron - A Summary

The conventicnal magnetron was the first crossed-
field electron tube to generate high-power coherent
microwave radiation at decimeter and zentimeter wave-
Yengths. The cross section of a typical magnetron is
shown in Fig. la. A voltage 1s appliad between the
coaxfal center cathode and the ancde vanes. Electrons
are emitted from the cathode and circulate, azimuth-
ally, intc the interaction space. This motion results
from the € X B drift velocity caused by the presence
of the axial magnetic field. Microwave radiation is
produced by the resonant interaction between the cir-
culating space charge and the magnetron modes associ-
ated with the anode slow-wave structure. These modes
correspond to integral numbers of wavelengths around
the structure.

Those rf waves that have phase velocities nearly
equal to the electron drift velocity can interact very
strongly with the electrons. These rf field-produced
forces cause azimuthal electron bunching and particle
drift, either toward the arode or the cathode de-
pending on the phase of the interaction. These rota-
ting electron "spokes” supply additional energy to the
rf field, which produces further electron bunching.
The 2ssential feature of the magnetron is that the
electron bunches drift in synchronism with the rf
waves supported by the anode structure, In this way,
the electrical potential energy assocliated with the
radtal dc electric fleld is converted to rf energy.

High-power magnetrons of this type have produced
over ) GW of radiated power at 5 GHz and have been
destygned around various operational limitations im-
posed by such systems. These limitat!ons include the
following:

. The applied magnetic fleld must be large
enough to prevent electraons from crossing
the anode-cathode gap (the Hull criterion),

. The magnetic Fleld mus. be Yow enough to al-
low space-charge circulation at a drift ve-
locity comparable to the phase velocity of
the magnetron mode to be excited (the
Buneman-Hartree condition).

s The anode-cathode gap must be smal) enough
to allow Fleld emission of eloctrons from the
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cathode in sufficient quantities to match tre
effective magnetron load impedance to the
source impedance.

' The high appiied potentials in such systems
must be less than a value that would induce
dc and rf breakdown.

The result of these design requirements is that such
devices do not perform well at higher frequencies, in
part because of the slow circulation velocity of the
space charge and in part because electrical tireakdown
and other constiderations 1imit to a maximum of about
eight the number of resonators that can be used.

In a large-orbit gyrotron (Fig.1b), a rotating
relativistic electron layer is produced by passing a
hollow norrotating beam through a narrow symmetric
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Fig. 1. Comparison of conventional magretron wirh

Yarge-orbit gyrotron.



magnetic cusp. Radlation is again produced by reso-
nant interaction of circulatory space charge and the
magnetron modes, and the circulation s at the rela-
tivistic cyclotron frequency. Such a system has a
number of advantages over conventianal magnetrons:

. Much lower magnetic fields need to be applied
to operate at a given microwave ‘requency.
The space-charge drift velocity is now given
by rqwc. where rq is the mean heam radius and
weis the relativistic cyclotron frequency
(note that the Hull criterion does not apply
here and this results in field requirements
of approximately 1 kG).

. The stze of the device 1s not determined by
diode impedance matching requirements and/or
frequency selection considerations.

. There are no applied voltages in the inter-
action region and, therefore, less likeli-
hood of dc and rf breakdown.

. T' - e-beam diode can be separately optimized
i r several microsecond operation.

As a result of all of the above, efficient higher
frequency operation should be possible.

Substantial microwave powers already have been
produced with this type of microwave tube. Reported
results include 400 MW being produced at 10 GHz for
5 ns with 10% efficiency In a 12-slot device. Opera-
tion up to 35 GHz also has been demonstrated at the
several-megawatt power level., At the lower frequen-
cies, a three-slot device has heen operated success-
fully at 2 GHZ for 80-ns pulsas. The present pulse
Tength achieved has been limited by the electron beam
machine without any evidence of diode closure. The
operation of this device in a well-defined microwave
mode reduces the mode conversion and waveguide trans-
mission prohlems associated with some high-power
microwave sources,

PFN, Transformer-Coypled Driver

A PFN transformer-coupled driver ¢ircuit {s being
designed to permit longer periods uf o' rration for the
microwave source, Fig. 2a. Source loauing is about
50 Q *or this unit. To keep the impedance of the PFN
reasonable, a2 voltage gain of no more than 10 was
deemed necessary, thus making the PFN impedance 0.5 G.
Discussions with a transformer manufacturing firm nave
fndicated that a tigntly coupled iron core unit can
be fabricated with a lumped secondary leakage induc-
tance of approximately 50 uH. To accomplish this,
the low side of the primary circuit cannot be isolated
from the secondary circult,

A two-section, Type C Guillemin network shown in
Fig. 2b was selected for tne PFM design. This PFN
design is more tolerant than others of the higher in-
ductances needed for two-stage Marx generator arrange-
ments required to keep dc charging voltages at & leve)
of 100 kY Figure 3 contains the waveform used as a
design goel. It !y described &t having a parabolic
rise and fall with a flat top. There s more rapid
convergence of the pulse shape than with other wave-
forms, thus raguiiring less PFN sections. The pulse
paraineters T and 4 are defined in Fig. 3. In this
paper T was taken a3 1.5 us and the parameter 2 as
0.V T. The :omponent vatues of the PFN are shown in
Table . The generc) approach ot this design is
described in Ref, 2.
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Fig. 2a. System block diagram.
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Fig. 3. [dealized driver wavaform,

TABLE [
COMPONENT VALUES FOR TYPE C PFN

Component velue
) 1.21 uF
ce 6.125 uF
(8] 189 nM
L2 202 nM

The slow rise time caused by the transformer leak-
age inductance will tend to distort the pulse shape
considerably. The undistorted and distorted wavefarms
ars shown in Fig. 4.
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Flg. 4. PFN output waveform normal and distorted.



To further study this problem, the network was
simulated using the Laboratory's NEV3 Network Analysis
Program. A peaking capacitor was introduced into the
simulation at the output of the transformer (see
Fig. S) output and a switch was placed between the
transformer output and the microwave source load re-
sistance. The circuit is shown in Fig. 5. The opti-
mal capacitance (CP) was found to be 10 nfF with the

Fig. 5. Microwave source driver circuit used for
modeling:
PFN: Guillemin Type C network
T: Pulse transformer
L: Transtormer leakage inductance
CP: Peaking capacitance
R: Microwave source load
$: Switch

switch closing ~B850 ns after closing of the PFN
switches. The output voltage waveform is shown in
Fig. 6. A cylindrical coaxta) water capacitor 1.2 m
in diumeter and 2 m long can supply the capacitance
needed with a sufficiently low breakdown probability.?
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Fig. 6. Calculated single-unit output waveform.

ftching

Development will be needed in this area. For the
low Inductance needed in the PFN switches, cither rail
gap switches or parallal switches will be needed.
Constant alr flow for coo!ing and for sw~eeping dis-
charge products away will be needed for al) switches.
The twe high-current gaps In the transformer primary
circutt will be a point of difficulty. For ltong 1ife,
the elactrode material should be of the <intered
tungsten-copper materials such as that developed for
the Anteres 0y Laser program.* Thyratron technology
is now entering the rea'm In which ‘t may handle the

transformer primary switching requirements. Trigatron
triggering, if any at all i< needed, should be ade-
quat? for the secondary output switch. Lasar trig-
gering may be considered here,

Parallel Systems

To increase the outout of the system and not in-
crease the number of PFN Marx stages or charge voltage
per stage, Tore than one transformer-coupled PFN as-
sembly may be used in paraliel to drive the output
load. This hasy the added advantage of lower current
gaps and higher PFN inductances. When the units are
connected in parallel, the driving inpedance is
reduced.

Three assemblles operating in paraile) were stud-
ifed so that each section drives an impedance of 150 q,
three times the desired value. The circuit for each
section is identical to that of Fig. S except that
component valtues are changed to account ror the higher
impedance. The new PFN components are found in Table
[I. With the three devices in parallel, matching the
loading value for the microwave source (50 Q) will
be achieved.

TABLE I
COMPONENT VALUES FOR TYPE C PFN (Z = 1.5 Q)

Component Value
C 0.4 F
Ce 0.040 F
L1 564 nH
L2 573 nH

The output waveform using no peaking capacitance
and switching is shown in Fig. 7. Still some wave
correction is needed. The optimum peaking capacitance
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Fig. 7. Calculated output waveform for three piralled

similar assembifes.

was found to be ~2 nf with the switching time at 480 n3
after the closing of the PFN switches. The waveform,
which looky acceptable for operation of ths driver,

's shown in Fig., 8. The peaking capacitor of the in-
dividual units can he combined into one, thereby

making it possible tc use only one output switch.
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Fig. 8. OQutput waveform from three paralled
assemblies working in unison in conjunction
with peaking capacitance and output switch.
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